The rapid expansion of less invasive surgical and transcatheter cardiovascular procedures for a wide range of cardiovascular conditions, including coronary, valvular, structural cardiac, and aortic disease has been paralleled by novel three-dimensional (3-D) approaches to imaging. Threedimensional imaging allows acquisition of volumetric data sets and subsequent off-line reconstructions along unlimited 2-D planes and 3-D volumes. Pre-procedural 3-D imaging provides detailed understanding of the operative field for surgical/interventional planning. Integration of imaging modalities during the procedure allows real-time guidance. Because computed tomography routinely acquires 3-D data sets, it has been one of the early imaging modalities applied in the context of surgical and interventional planning. This review describes the continuum of applications from pre-operative planning to procedural integration, based on the emerging experience with computed tomography and rotational angiography, respectively. At the same time, the potential adverse effects of imaging with X-ray-based tomographic or angiographic modalities are discussed. It is emphasized that the role of imaging guidance in this context remains unclear and will need to be evaluated in clinical trials. This is in particular true, because data showing improved outcome or even non-inferiority for most of the emerging transcatheter procedures are still lacking.
Introduction
Imaging is an integral part of surgical and transcatheter cardiovascular interventions. Pre-procedural imaging provides detailed understanding of the operative field prior to the procedure. Integration of imaging modalities during the procedure allows real-time guidance. In the case of conventional cardiothoracic surgery, preoperative imaging findings can be confirmed by direct intra-operative visualization. In contrast, during minimally invasive and transcatheter interventions, procedural decision-making is based increasingly on image guidance. The rapid expansion of these less invasive procedures for a wide range of cardiovascular conditions, including coronary, vascular, structural cardiac, and aortic disease over the past several years, has therefore been paralleled by novel approaches to imaging.
Traditional two-dimensional (2-D) imaging, e.g. standard echocardiography and conventional angiography, relies on acquisition of a limited number of planes/projections, which cannot be changed during the review. In contrast, three-dimensional (3-D) imaging allows fast acquisition of volumetric data sets and subsequent off-line reconstructions along unlimited 2-D planes and 3-D volumes. The use of such 3-D data sets is well established in medical specialities focused on relatively static organs, e.g. for radiation planning and stereo-tactic neurosurgery. However, because of the cyclic motion of the cardiovascular structures, 3-D imaging is a more complicated process. It is pursued with several imaging modalities including echocardiography, magnetic resonance imaging, and computed tomography. 1 -4 Focused on the emerging experience with computed tomography and rotational angiography, this review discusses the principles and current applications of 3-D cardiovascular imaging for surgical/ interventional guidance. The continuum of applications from preoperative planning to procedural integration is described.
It is emphasized that the role of imaging guidance in this context remains unclear, in particular because data showing improved outcome or even non-inferiority for most of the emerging transcatheter procedures is still lacking. Imaging with X-ray-based tomographic or angiographic modalities is furthermore associated with potential adverse effects, secondary to radiation and contrast material exposure. 5 -7 Parallel to the necessary rigorous scientific evaluation of the transcatheter procedures, the potential clinical benefit of imaging guidance must therefore be evaluated in clinical trials, and cannot be assumed a priori.
Three-dimensional imaging with multidetector row computed tomography
Image acquisition
Computed tomography routinely acquires volumetric data sets with high temporal and spatial resolution. Because of the extensive and rapid motion of valvular structures during the cardiac cycle, the use of state-of-the-art scanners (at a minimum of 64-slice technology) is critical for imaging in the context of cardiovascular interventions. These scanners allow fast acquisition of large volumes with sufficient spatial and temporal resolution. Scanners with extended z-coverage (320 detector row scanners) acquire up to 16 cm per gantry rotation and can cover the entire heart in one rotation. 8 Using dual-tube technology, temporal resolution of up to 75 ms can be achieved. 9 Spatial resolution in the axial image plane is 0.5 × 0.5 mm 2 , with a minimal slice thickness of 0.5 -0.75 mm. Therefore, depending on the choice of slice thickness, the resulting volumetric data set is isotropic, allowing oblique reconstruction without degradation of spatial resolution. Image acquisition is synchronized to the cardiac cycle with two basic techniques, retrospective electrocardiographic (ECG) gating or prospective (ECG) triggering. 10, 11 With each technique, the position of the acquisition/reconstruction window is pre-specified (systolic or diastolic window), depending on the particular clinical question. Retrospective ECG gating allows reconstruction at multiple points throughout the cardiac cycle and subsequent limited dynamic four-dimensional (4-D) display of cardiac and valvular motion. However, retrospective gating is associated with significantly higher radiation exposure. 10, 12 With prospective ECGtriggered acquisitions, data are acquired only during a pre-specified cardiac phase. Because the X-ray tube is turned on only in this limited window, this mode is associated with significantly reduced radiation dose compared with retrospective ECG-gated helical imaging. 11, 12 The role of other recent approaches, including prospective helical and high-pitch helical acquisition is still unclear. 13, 14 Importantly, all prospective triggered acquisitions are only feasible for patients with low and regular heart rates. 11 -14 For imaging in the context of transcatheter interventions, high-end acquisition protocols with superior spatial and temporal resolution are typically required. Most experience currently exists with retrospectively gated acquisitions, typically with the use of dose modulation, but with wide dose modulation window. 10 The maximum gantry rotation time should be used to optimize the temporal resolution. The need for high spatial resolution requires minimal collimated slice width, and sufficient X-ray tube voltage and tube current. 
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The specialized protocols used in the context of valvular interventions are frequently associated with high levels of radiation exposure. Recently, there is increasing debate about the rising radiation exposure from medical imaging and its potential long-term effects. 5, 6 Therefore, careful individual planning of the imaging protocol and consideration of potential alternative imaging modalities is important to control radiation exposure. 7 Balancing diagnostic yield and radiation exposure require adjusting acquisition parameters to patient characteristics and the specific clinical question. In general, limiting z-coverage strictly to the valvular region (e.g. aortic root only rather than entire heart) is critical to reduce radiation exposure. If 4-D imaging is not necessary, prospective triggered acquisitions should be employed. 11, 12 Lower tube voltage, specifically 100 kVp, should be considered for patients with a low body mass index because of significant reduced radiation dose. 15 Radiation exposure has to be considered in the context of patient-specific characteristics (age, gender) and underlying clinical condition. 7 For example, the potential biologic risk and likelihood of long-term adverse effects of the same radiation exposure is significantly lower for an elderly male patient with significant co-morbidities undergoing evaluation for transcatheter aortic valve implantation (TAVI), than for a younger female patient evaluated for pulmonic valve of mitral valve disease. 6 Similar considerations apply for planning of contrast administration.
More recently 'C-arm computed tomography (CT)' has been introduced as a potential modality for intra-operative 3-D imaging. 16 C-arm CT (rotational angiography, dyna-CT) describes the use of CT-like acquisition and reconstruction techniques with C-arm-based X-ray angiography systems in order to obtain 3-D data. The C-arm is rotated over a wide range (.1808) with or without continuous contrast injection, acquiring multiple views of the cardiovascular structure with subsequent 3-D reconstruction. For ECG-referenced cardiac imaging, identical alternating forward and backward rotations are triggered by the ECG signal to acquire projections covering the entire acquisition range at a similar cardiac phase. Because of the relatively slow rotation of the C-arm, the temporal resolution of these systems is significantly inferior to multidetector row computed tomography (MDCT). Radiation exposure and contrast administration are limitations of this technique, and are not yet fully understood. Data evaluating its potential on clinical management or outcome of cardiovascular procedures are lacking.
Image analysis
The acquired CT images typically undergo an initial systematic review of all cardiac and extracardiac findings and are then further processed for the more focused use in the context of cardiac intervention.
There are an increasing number of software programs allowing dedicated reconstructions for visualization and also fusion of CT data with other imaging modalities, including conventional angiography. However, it is critical to understand the image artefacts of CT in general and advanced reconstruction in order to avoid misinterpretation. 17 The most important analysis techniques are described in the following .
Multiplanar reformation and maximum-intensity projection Multiplanar reformation (MPR) describes creation of thin planes through the 3-D data volume ( Figure 1 ). These images provide detailed 2-D views and are used extensively. Because of the 3-D structure of the data set, an unlimited number of planes can be reconstructed in any orientation, including planes similar to standard views with echocardiography or angiography.
Standard MPR images are defined by orthogonal or oblique planes relative to the body axis. However, vascular structures typically cross these planes and are therefore difficult to follow with standard MPR images. Curved MPR images allow reconstruction of curved planes following the entire course of tortuous structures, defined by placement of seed points by the user. In cardiovascular imaging the course and shape of the plane is typically defined by the centreline of vascular structures, which is defined manually or semi-automatically( Figure 2 ). The curved MPR image can then be rotated around the centreline, simulating angiographic angulations at different projections. This allows understanding of the anatomy of eccentric lesions and optimization of fluoroscopic view selection or surgical access plane. Vessel bifurcations and side branches can be described with regard to their distance and angulations in relationship to each other.
In contrast to angiographic projections, e.g. coronary angiography, where the projected images reflect a summation of data from the entire vessel's depth, the MPR image is a thin cut plane through the vessel. Therefore, scrolling through a stack of these thin tomographic images is necessary to cover the entire depth of a vascular structure. In order to display CT data in a format that resembles a conventional angiogram, maximum-intensity projection (MIP) images are reconstructed (Figure 3) . Maximum-intensity projection images are orthogonal or oblique planes/slabs with increased thickness, basically displaying the information contained within a stack of MPR images. However, the display is weighted towards voxels with increased Hounsfield unit value. These images provide more 3-D image guidance of transcatheter cardiovascular interventions comprehensive assessment of vascular structures, similar to conventional angiograms. However, increasing thickness is associated with overlapping of the adjacent structures.
Volume rendered technique, surface-shaded display, and virtual endoscopy Volume rendered (VR) techniques assigns a specific colour and opacity value to every voxel inside a volume of interest ( Figure 4) . By changing colour and opacity settings, the user can interactively highlight groups of voxels for display, e.g. the aorta vs. the chest wall and vice versa. It is important to consider that the appearance of VR images is determined by the specific image settings, which can for example change the appearance of luminal stenosis severity. It is therefore critically important to analyse VRT images in the context of the information obtained from the review of the original axial images and reformatted MPR/MIP images.
Surface-shaded display provides a 3-D representation of the surface of a structure. For contrast-filled chambers and vessels, removal of the high attenuation voxels leaves the appearance of a hollow-structure, corresponding to the contrast-filled lumen.
This post-processing technique can be used to obtain an endoscopic view of internal organs or vessels. As an example, this approach is used to process CT images of the colon and is described as virtual colonoscopy.
Four-dimensional image reconstruction
Images acquired using a retrospectively ECG-gated helical mode can be reconstructed at multiple phases throughout the cardiac cycle (e.g. at 5 or 10% intervals). These reconstructions can subsequently be viewed as a cine-loop and provide functional assessment of ventricular, valvular and vascular structure with limited temporal resolution compared with echocardiography.
Segmentation
Segmentation involves isolating the data from specific regions of interest (e.g. aorta for endovascular stenting, the left atrium and pulmonary vein for pulmonary vein ablation (PVI) ( Figure 5 ). Various segmentation techniques exist beyond manual segmentation, including threshold-based and region-growing segmentation methods. Model-based segmentation relies on mathematical models of the expected shape of the structures of interest (e.g. left atrium, left ventricle, aorta, etc.).
Advanced segmentation and finite-element analysis of 3-D and 4-D CT data are also used in the context of device design. Computational modeling allows simulation of physiological conditions in patient-specific 3-D vascular models. 18, 19 Image fusion/co-registration An exciting area of investigation is image fusion. This can involve registration of images from two imaging modalities (e.g. CT and angiography) or of images from one imaging modality and one functional data set (e.g. EPS electro-anatomical mapping) ( Figure 6 ).
Clinical applications from pre-operative assessment to intra-operative guidance Imaging in the context of conventional cardiothoracic surgery
In the context of cardiothoracic surgery, imaging plays an important role, exemplified by the role of cardiac catheterization, echocardiography, and CT/MRI for coronary bypass, valve, and aortic surgery, respectively.
A characteristic of conventional angiography and echocardiography is the limited field of view, focused on the examined vascular structures, with relatively non-diagnostic image quality of surrounding structures, e.g. lung and mediastinum. In contrast, standard CT acquisitions result in large 3-D volumes with diagnostic image quality of cardiac and extracardiac structures, demonstrating their relationship to each other and to the chest wall.
These data are used for surgical planning. Specific findings of the chest anatomy have been identified that affect the surgical approach. 20 -23 For example, extensive calcification of the ascending aorta ('porcelain aorta') precludes cannulation for cardiopulmonary bypass; an assessment of the subclavian arteries allows evaluation of alternative sites for cannulation/surgical side grafts; close proximity or adhesion of cardiothoracic structures including coronary bypass grafts to the sternum correlate with the risk of injury during midline sternotomy ( Figure 7) . Such high-risk anatomic findings are more common in patients with prior cardiothoracic surgery. Previous studies examined if the preoperative identification of these high-risk findings is related to the use of preventive surgical strategies during re-operative cardiothoracic surgery (RCS). 20 -23 Our group reviewed clinical and CT records of 167 patients with prior bypass surgery, referred for RCS. 22 At least one high-risk CT finding was observed in 49% of the patients, specifically a bypass graft crossing the sternal midline within ,1 cm/adherent to the sternum (38%) and adherence/ Figure 7 Pre-operative assessment of chest anatomy. This figure shows images of a patient undergoing evaluation for re-operative cardiothoracic surgery. The arrow shows the origin of an aorto-coronary graft to the LCX, which crosses the sternal midline at a distance of 9 mm.
3-D image guidance of transcatheter cardiovascular interventions
proximity ,1 cm of right ventricle or aorta to the chest wall (24%). In 55% of patients preventive surgical strategies were adopted, including non-midline incision, deep hypothermic circulatory arrest, initiation of peripheral cardiopulmonary bypass, extrathoracic vascular exposure prior to incision, and cancellation of surgery. These strategies were used at a higher frequency in patients with high-risk CT findings, but the study did not evaluated clinical outcome. Another non-randomized study examined the impact of presurgical CT imaging on outcomes after RCS in 364 patients, including 137 referred for CT angiography. 23 The primary clinical end point was the composite of peri-operative death, myocardial infarction (MI), stroke, and hemorrhage-related re-operation. Individuals referred for CT planning showed a trend toward a lower incidence of the composite primary end point (17.5 vs. 24.2%, P ¼ 0.13), predominantly related to a significantly lower incidence of peri-operative MI (0 vs. 5.7%, P ¼ 0.002). Computed tomography angiography was also associated with shorter perfusion, crossclamp time, total time in intensive care unit, and lower volume of postoperative RBC transfusion. However, because of the lack of randomization, the clinical impact of the finding remains unclear.
More recently, pre-operative assessment is used in the context of minimally invasive and robotic assisted surgery, which are associated with decreased direct visualization and novel approaches of vascular access. 24, 25 For example, robotic surgery establishes cardiopulmonary bypass by retrograde perfusion via the femoral vessels and the absence of atherosclerotic disease is important to reduce the risk of cerebral embolism or retrograde aortic dissection. Therefore, preoperative aortic screening with CT angiography is frequently used.
Planning of aortic endovascular stent procedures
Since its introduction into clinical practice in the early 1990s, endovascular aneurysm repair (EVAR) of abdominal and subsequently thoracic aortic aneurysms has progressed rapidly 26, 27 ( Figure 8 ).
Three-dimensional image guidance plays a significant role in these procedures. In order to ensure close fit with exclusion of flow outside the stented lumen (endo-leak) suitable proximal and distal sealing zones are critical. These segments need to be identified and described for size, length, and wall characteristics before the procedure. For endovascular stent procedures involving the aortic arch, descending thoracic-, and juxtarenal aorta, location of branch vessels is important for stenting with fenestrated endovascular grafts. 28 These stents are designed with openings in the graft fabric to accommodate the orifice of branch vessels, which can be fixed by implanting bare or covered stents across the graft/ostia interfaces. This approach requires precise analysis of the distance and rotation angle of the branches to each other, based on pre-procedural planning with CT. Computed tomography is also used for planning of complex hybrid surgical-and endovascular procedures, e.g. by the 'elephant-trunk' operation 29 with endovascular completion for extensive aneurysms. Typically, the pre-operative CT is reviewed before the procedure for indication and planning. While subsequent intra-operative guidance relies on conventional angiography, the pre-operative images can be displayed during the procedure. Future applications of 3-D imaging include fusion of pre-op CT and procedural angiography and rotational angiography (C-arm CT).
Planning for transcatheter valve procedures
Many of the above-described concepts of image guidance have significant impact on emerging transcatheter valve procedures, including TAVI. Transcatheter aortic valve implantation shows promising early results as a treatment option for patients with severe aortic stenosis who are considered high-risk candidates for conventional aortic valve replacement surgery.
The complex anatomy of the aortic root, encompassing the aortic annulus, commisures, sinuses of valsalva with the origin of the coronary arteries, provides the framework within which the aortic valve leaflets are suspended. Implantation of a stent/valve has complex and incompletely understood consequences for these structures and their relationships ( Figure 9) . Because of the lack of direct valve visualization at the time of the procedure, it is critical to evaluate these complex relationships before and during the procedure using imaging.
In addition to angiography and (trans-esophageal) echocardiography, there is increasing use of pre-procedural CT, in order to understand the three-dimensional aortic root anatomy. 30 Current data describe the crown-shaped, elliptical anatomy of the aortic annulus ('inferior virtual basal ring'), the height of the origin of the coronary arteries, and calcification of the aortic valve leaflets. 31 -33 Multidetector row computed tomography with 4-D reconstruction also provides limited insight into the changes of root geometry throughout the cardiac cycle. Beyond understanding the internal geometry of the aortic root, 3-D analysis of its relationship to the body axis for planning of surgical or interventional access planes is important ( Figure 10) . A recent paper describes prediction of 2-D angiographic projections orthogonal to the aortic valve area, simplifying the subsequent implantation of the percutaneous valve. 34 Other areas of emerging data include the description of the anatomy of the iliac arteries for vascular access planning. 35, 36 These emerging data demonstrate the potential benefit of preoperative understanding of root anatomy for planning of surgical and interventional procedural detail. Similar data are emerging in the context of mitral and pulmonic valve procedures. 37, 38 However, there is a lack of data evaluating the clinical impact of imaging modalities, e.g. the impact of assessment of the annulus diameter on eligibility for the procedure and choice of the device size. 32 Further evaluation and comparison between 3-D imaging modalities is necessary. Figure 9 Transcatheter aortic valve implantation. The left hand panel shows a double-oblique reconstruction at the level of the 'aortic annulus' ('inferior virtual basal ring'), with minimum and maximum diameter. These measurements are used together with echocardiographic measurement for device sizing. The right hand panels show images of another patient before and after transcatheter aortic valve implantation.
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Planning of coronary intervention
Conventional, invasive coronary angiography remains the basis for planning percutaneous coronary interventions (PCI). The history of interventional cardiology exemplifies how advances of imaging technology and the development of transcatheter procedures are interdependent. The development of percutaneous transluminal coronary angioplasty, first performed by Gruentzig in the late1970s, became possible only after the emergence of conventional coronary angiography. The subsequent emergence of invasive tomographic imaging with intravascular ultrasound, with its emphasis on understanding the anatomy of the vessel wall, has significantly influenced the development of current approaches to coronary stenting and other interventional procedures.
The current role of coronary CT angiography in the assessment of coronary artery disease is based on its high negative predictive value in ruling out significant stenosis in intermediate risk populations. 39 In contrast, the assessment of advanced lesions, in particular calcified lesions, is limited due to inadequate spatial resolution and the resulting calcium blooming artefact. While imprecision in the assessment of lesion severity exists, 3-D tomographic imaging potentially can overcome some of the limitations of 2-D angiographic projections, in particular for eccentric plaques, tortuous vessels, and bifurcation lesions. It is an attractive hypothesis that for certain patient populations, precise preprocedural visualization of complex coronary lesions with CT angiography would be complementary to conventional angiography and allow optimization of the interventional approach during subsequent PCI. 40 However, data supporting this hypothesis are lacking. Previous studies have already described 3-D planning of coronary interventions of complex lesions including of chronic total occlusions. 41 However, experience is limited and a major challenge is presentation in a format suitable for decision-making by the interventionalist during the procedure. Recent software advances allow semi-automated coronary analysis, including reconstruction along the centreline, assessment of stenosis severity, and limited lesion characterization. In preliminary studies, the feasibility of first pass and delayed perfusion imaging has been described ( Figure 11 ). Pre-procedural 3-D data allows description of the CT planes in terms of angiographic angulations can suggest C-arm angles limiting foreshortening, and simulate X-ray projection, similar to recent descriptions in the context of TAVI. 34 With further integration of the angiographic C-arm and the pre-operative 3-D data set, the C-arm angulations can be transmitted to the 3-D workstation to allow the CT data to be viewed in planes corresponding to the current C-arm orientation. With this approach, the CT data can be used as a road map (e.g. guidewire placement), with live X-ray images superimposed on volume-rendered CT images.
Image integration into electro-anatomical mapping/ablation procedures
Trans-catheter ablation of arrythmogenic muscle bundles extending into the pulmonary vein ostia (PVI) is an accepted treatment option for atrial fibrillation (AF) resistant to anti-arrhythmic drug therapy. Because the anatomy of the pulmonary veins and the left atrium (LA) is complex and varies significantly, accurate visualization of these structures during the catheter ablation procedure is important. The standard imaging approach is intra-operative conventional fluoroscopy. Additional pre-procedural tomographic imaging with CT or MRI allows detailed 3-D visualization of the LA and pulmonary veins. These images are used to plan PVI and stent procedures of severe pulmonary vein stenosis after PVI 42, 43 ( Figures 12 and 13) .
Applications of 3-D imaging in electrophysiology are examples of direct procedural guidance based on fusion of pre-procedural imaging and intra-operative electrical mapping. Several conventional electro-anatomic mapping systems allow fusion of CT/MRI data with the ablation procedure for electro-anatomic mapping 42, 44 ( Figure 6 ). Previous studies have reported the feasibility and accuracy of these systems in patients undergoing PVI. 45, 46 Larger randomized studies are needed to confirm these findings and demonstrate clinical impact.
Image guidance with C-arm CT
As described above, C-arm CT (rotational angiography, dyna-CT) describes the use of CT-like acquisition and reconstruction techniques with C-arm-based X-ray angiography systems to obtain 3-D data ( Figure 14) . The acquisition of 3-D data directly from the angiography system may facilitate co-registration of angiographic data with pre-procedurally acquired 3-D CT images, with subsequent automatic registration to the 2-D fluoroscopy images obtained using the same system ( Figure 15 ). The availability of realtime 3-D anatomical information from the patient may offer advantages beyond those of pre-procedural images. Feasibility of C-arm CT has been shown during various cardiovascular interventional procedures including EVAR, 47 PVI, 48 and PCI. 49, 50 In a recent study, feasibility of C-arm CT acquisition with automatic 3-D reconstruction was demonstrated. 50 Image quality and lesion visibility were compared between the reconstructed 3-D volumetric images and the 2-D angiographic projection images from 23 patients. The majority of the resulting 3-D volume images was rated as having high image quality. Lesion detection and quantitative analysis in terms of lumen diameters were reliable and 3-D reconstructions were free from the errors of foreshortening. Three-dimensional images provided additional clinical information such as complete visualization of bifurcations and reconstructions of views unobtainable with angiography. While current emergent data suggest feasibility, there are still questions about extent of radiation exposure and there is no data about clinical utility. Larger, eventually randomized trials are operative three-dimensional computed tomography data set. The computed tomography is fused at the time of procedure with a C-arm computed tomography three-dimensional data acquisition, which allows automatic registration to the two-dimensional fluoroscopy images obtained using the same system. 3-D image guidance of transcatheter cardiovascular interventions needed to evaluate the impact of this new technology on clinical outcome including major cardiovascular events and mortality.
Conclusion
Based on the emerging data as reviewed above, we consider that the following conclusions are justified. † The rapid expansion of less invasive surgical and transcatheter cardiovascular procedures is paralleled by novel 3-D approaches to imaging, which are considered important for pre-procedural understanding of the anatomy and procedural guidance. † However, while there is feasibility data, there is lack of randomized data demonstrating clinical benefit of pre-procedural imaging. Obtaining such data are complicated by the fact that data showing improved outcome or even non-inferiority for most of the emerging transcatheter procedures itself is still lacking. † While computed tomography has been one of the early 3-D imaging modalities applied in the context of surgical and interventional planning, it is limited by its potential adverse effects related to radiation exposure and contrast administration. † Therefore, depending on clinical indication and patient characteristics, 7 other less invasive 3-D imaging modalities and in particular 3-D echocardiography should be considered. † Parallel to the necessary rigorous scientific evaluation of the transcatheter procedures, the potential clinical benefit of imaging guidance must therefore be critically evaluated, and cannot be assumed a priori. Eventually, evidence-based data demonstrating favourable risk/benefit impact of imaging on clinical management and outcome in controlled clinical trials are necessary.
